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APPENDI X B

FLOTATI ON STABILITY
B-1. Flotation Safety Factor, The flotation safety factor, SF,
is defined as:

W, + W, +S

SFf S (B-l)
Uu-w

where W = Weight of the structure, including weights
of fixed equipnent and soil above the top surface of
the structure. The noist or saturated unit weight
should be used for soil above the groundwater table
and the submerged unit weight should be used for soi
bel ow the groundwater table.

W = Weight of the water contained within the
structure which is controlled by a mechanica
operator (i.e., a gate, valve, or punp).

S = Surcharge | oads.

U= Uplift forces acting on the base of the structure.
The uplift forces should be calculated in accordance
with EM 1110-2-2200.

W = Weight of surcharge water above top surface
of the structure which is totally controlled by
gravity flow.

When calculating SF,, the vertical resistance nobilized by fric-
tion along the exterior faces of the structure should be ne-

gl ect ed. The basic assunptions and general derivation of flota-
tion safety factor are given in Paragraph B-3.

B-2. Flotation Stability Criteria, Concrete hydraulic structures
should be designed to have the following mninum flotation safety
factors:
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Loadi ng M ni mum
Condi ti ons Sk
Construction 1.3
Nor mal Operation 1.5
Unusual Operation 1.3
Schedul ed Mai ntenance (e.g., structure dewatered
with normal tailwater or normal |ower pool) 1.3

Extrene Maintenance (e.g., structure dewatered
with maximum tailwater or maxinmm |lower pool) 1.1

Any relaxation of these values will be acconplished only with the
approval of HQUSACE (CEEC-ED) and should be justified by a
conprehensive study of the piezonetric pressure data and engi-
neering properties of the structure, foundation and backfill

B-3. Basic Assunptions and Derivation of Flotation Safety Factor.

a. Definitions and Synbols

SF, = Flotation safety factor.

W = Wight of the structure, including weights
of fixed equipnent and soil above the top surface of
the structure. The noist or saturated unit weight is
used for soil above the groundwater table and the

subnerged unit weight is used for soil below the
groundwat er tabl e.

W = Weight of the water contained within the
structure which is controlled by a nechanica
operator (i.e., a gate, valve, or punp).

W = Weight of water above the top surface
of the structure which is totally controlled by
gravity flow

S = Surcharge | oads.

= Uplift forces acting on the base of the structure.

Nor mal conponent of the base reaction

—r Z2 C
1]

= Length of the base.

B-2
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H, Ho = Lateral hydrostatic forces.
T = Tangential conponent of the base reaction

P Po = Uplift pressure heads.

b. : : | Simolificati

(1) The structure is a rigid and inperneabl e nass.

(2) A mathematical definition of flotation safety
factor should satisfy the equation of vertical equilibrium

(3) Flotation occurs when the normal conponent of the
base reaction, N, is equal to zero.

(4) Flotation is a state of neutral equilibrium which
i s independent of the submergence depth. Therefore, the flota-
tion safety factor is also independent of the depth of subner-
gence over the structure.

(5) Water which is contained within_the structure
shoul d be treated as an additional weight. (This is why damaged
ships sink as the interior is flooded).

(6) The flotation analysis is only uncoupled from the

stability analysis if the location of the loading resultant is
within the kern of the base. If the resultant is not within the

kern, the uplift pressure distribution should be nodified over
the portion of the base which is not in conpression

c. Derivation of Flotation Safety Factor

The generic geonetry and |oading conditions are shown
in Figure B-1.

From Figure B-1, the vertical equilibrium of the structure
can be expressed as:

N+U- W-W-W-S=0 (B-2)
As discussed in Paragraph B-3b, @ flotation safety factor,

SF,, should satisfy the follow ng basic conditions:

B-3
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(1) SF; should be independent of the subnergence depth.

(2) Water contained within the structure should be treated
as additional weight.

(3) SF, =1 if N =0
The equilibrium equation (B-2) can be rewitten to satisfy
conditions (a) and (b) as:

N+ (U- W) =W+ W+sS (B-3)

The SF, can be defined to satisfy condition (3) as:

N + (U - W)

Substituting Eq. (B-3) into Eq. (B-4), we get

B- 4
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Fi gure B-1. Generic Ceonetry and Loading Conditions
B-5



